The aim of this study was to use digital images acquired by cameras attached to a helium balloon to detect variation of the nutritional status in Brachiaria decumbens. The treatments consisted of five doses of nitrogen (0, 50, 100, 150 e 200kg ha -1 ) with six replications each, evaluated in a completely randomized statistical design. A remote sensing system composed of digital cameras and microcomputers was used for image acquisition, and a helium balloon lifted the cameras to the heights of 15, 20, 25 and 30m. A portable chlorophyll meter and analyses of leaf nitrogen content were used to make comparisons with data obtained by the remote sensing system. Data was acquired in two phases, in different climatic conditions. At the end of each phase, dry matter production was measured. Three vegetation indices were used to evaluate the detection of different nutritional status. The three indices were able to detect the effects of N doses. The indices constructed with the Green spectral band showed to be more efficient.
INTRODUCTION
Brazil stands out as a global exporter of bovine meat, possessing good international competitiveness, and the major cause of this is that the cost of production is relatively lower because the animal feeding is predominantly by pasture (SOBER, 2011) .
The pastures occupy most of the agricultural areas of Brazil, however, the growing advancement of agriculture on pasture areas in recent years is making the production of milk and meat move to regions of poor soils, inadequate to agriculture. In addition, the financial advantages of agriculture have been demanding the cattle breeders to increase the productivity and competitiveness of the exploration to enable livestock on agricultural land. Therefore, it increases the need for greater forage production in an ever more limited space and less favorable conditions (BARCELLOS et al., 2008) .
Among the factors or practices of pasture management that have provided increased forage productivity, ability of animal support in the property and improvement of economic performance, we highlight the use of fertilizers, especially nitrogen (FAGUNDES et al., 2011) . On the other hand, the use of nitrogen fertilizers should be performed optimally and economically feasible in order to reduce pressure on the environment. Thus, to increase productivity, rational management of nitrogen fertilizer will have a key role in the sustainable development of livestock.
The development of forage is variable along the pasture area, mainly due to the variability of nutritional availability and physical and chemical properties of the soil. Thus, identifying this variability during plant development may allow diagnosis of causes that could still be corrected in a timely manner to optimize productivity (SAMBORSKI et al., 2009) , inserting in the concept of precision agriculture.
In order to study ways to identify nutritional status related to nitrogen in different cultures, in a practical and less costly way, some studies have been developed. Equipment, such as portable chlorophyll meters, estimate the amount of chlorophyll present in the plant, and this value is proportional to the nitrogen content, but this method requires physical contact with the leaves during its operation. There are other promising methods, such as the remote sensing techniques, which also capture spectral information of pigments of plants through sensors, but without contact with it, using the reflectance of the crop. SILVA JÚNIOR et al. (2008) built a system for terrestrial remote sensing to detect different nutritional status through vegetation indices, caused by the variation of nitrogen doses in an area planted with Brachiaria decumbens. The results showed that the indices allowed the detection of effects of N doses in forage. This land system was developed with the intention to be coupled in agricultural machinery and to use its movement to capture images and make the nutritional mapping. In the present work, we intend with an aerial system of remote sensing to acquire and work with images that portray larger areas without having to rely on the use of machinery to move through the area.
Thus, in the present study, we evaluated the possibility to discriminate the effects of different doses of nitrogen fertilizer through vegetation indices, using an aerial remote sensing system, and, thus, to evaluate the correlation and efficiency of this method with regards to other methods already widely used, as the chlorophyll meter and analyses of leaf N content.
Thus, the general objective of this work was the use of an aerial remote sensing system to detect different nutritional status relative to nitrogen application in Brachiaria decumbens and to correlate vegetation indices with the values obtained with a portable chlorophyll meter and the levels of leaf nitrogen obtained in the laboratory.
MATERIAL AND METHODS
The experiment was established in the Forage Section, Department of Animal Science, Federal University of Viçosa, in Viçosa city -Minas Gerais (MG) state, in Brazil, in an area of pasture established with Brachiaria decumbens.
Initially, we perfomed the demarcation of the experimental area and the soil sampling, and, from the results of chemical (micro and macronutrients) and physical (texture) analysis of the soil samples, we applied, 50kg ha -1 of simple superphosphate (CANTARUTTI et al., 1999) , distributed evenly across the experimental area. To the standardization of signalgrass plants, mowing was performed at 10cm tall, with removal of overlapped forage of the area.
The treatments consisted of five doses of nitrogen (0, 50, 100, 150 and 200kg ha -1 ) applied in the form of urea, and they were evaluated in a completely randomized design with six replications, totaling 30 plots of 3 x 3m.
To perform data acquisition in the experimental area, we implemented a remote sensing system that integrated image acquisition with digital cameras, cables, frame grabber card and portable microcomputers, to a helium balloon to lift the cameras in four different height, 15, 20, 25 and 30m.
After the nitrogen fertilization, the first phase of data acquisition began obtaining digital images at 28 days after fertilization (DAF). At 32 DAF, there were estimates of chlorophyll content using a SPAD 502 chlorophyll meter (Minolta Corporation, Japan) and removed leafs for analysis of leaf N content in the laboratory. And also at 32 DAF was done cutting the plants at a 20cm height of soil in an area of 1m 2 within each plot to measure dry matter yield. After the harvest, the forage was weighed and removed a sub-sample of 300 to 500g of grass that was placed in paper bags, also weighed and taken to an oven at 65°C for 72 hours. After drying, the samples were weighed again and so it was obtained dry matter produced. After cutting, the unharvested area of the portion (border) was also cut at a 20cm height and we began the second phase of data acquisition, with reapplication of the same nitrogen doses added to 60 kg ha -1 of potassium chloride in all plots. Due to the time change observed in the second phase, with reduced rainfall, light and temperature, the response of plants to fertilization occurred more slowly, thereat image acquisition occurred at 51 DAF, and the estimates of chlorophyll with SPAD and the leaves for analysis of leaf nitrogen content were obtained at 53 DAF. At 53 DAF, we performed again the cutting of the plants to measure the dry matter yield, using the same procedures reported previously.
Measurements of chlorophyll estimates with SPAD were scheduled to be held on the next day of image acquisition. However, due to operational and climatic problems, measurements of chlorophylls were performed at 4 and 2 days after images for the first and second phases of the experiment, respectively.
Images acquired at 28 DAF were held from 3:00 pm on open air conditions. The images at 51 DAF were collected in open air conditions, between 10:00 am and 2:00 pm and in the presence of sunlight. Weeds were controlled manually in all plots when necessary. The remote sensing system for data collection consisted of a balloon inflated with helium gas and a system of image acquisition, coupled to a remote system of data communication. Figure 1 (a) illustrates the layout of the remote sensing system using the balloon. Figure 1 (b) illustrates the remote sensing system capturing the images of the plots in the experimental area. Figures 1(c) and 1(d) illustrate, respectively, the provision of equipment inside the gondola and the plots in the experimental area at 30m high.
An aluminum gondola was built, which was tied to the balloon, where all the necessary equipment for image acquisition were allocated.
The balloon used was a "blimp" type, spherical, with a diameter of 4m, with a maximum capacity of approximately 33m 3 of helium gas, providing a buoyant force sufficient to lift all equipment, which together weighed approximately 12kg. The balloon was wrapped by 12 ropes of 3mm diameter, which passed through moorings attached to the balloon and were connected at both ends forming a cage.
FIGURE 1. Scheme of the remote sensing system using the balloon with helium gas (a), remote sensing system capturing images of experimental area (b), the provision of equipment to acquire images inside the gondola (c), and experimental plots in the experimental area imaged by remote sensing system at 30 meters high (d).
To make the sustention and dragging of the balloon across the area, we used three ropes of 5mm, and 35m long. They were attached to the bottom end of the balloon, between two nodes, so that any force applied by the ropes in either direction was evenly distributed throughout the balloon, and that the balloon movement was controlled in the desired direction.
To measure the height of the cameras, we used a fourth rope of 3mm graded 5 by 5m, attached to the gondola, which also served to stabilize the movement of the gondola and get images with good positioning of the plots. The image acquisition system used was STH-DCSG-VAR/-C stereo head of Videre Design Manufacturer (California, USA). This system consisted of two cameras, one with a monochrome sensor and another sensor with three bands (blue, green and red), 13.5cm apart, which captured two images, simultaneously, in the same scene.
Microcomputer
In monochrome sensor camera, we coupled an optical filter, high-pass type, which limited the range of the electromagnetic spectrum corresponding to near-infrared (NIR). The filter allowed passing the energy above the wavelength of 695nm.
The spectrum bands that sensitized the sensor of the other camera, according to VIDERE DESIGN (2005) , are between 390 and 530nm, with a sensitivity peak situated at approximately 470nm for the blue band (B), between 490 and 610nm with a peak at about 540nm for the green band (G), and between 590 and 750nm with a peak at about 620nm for the red band (R).
The exposure and gain time of the cameras were adjusted to 50 and 17, respectively. These values are in percentage and were chosen based on preliminary tests, avoiding the saturation of the values of pixels. Focus adjustment was also maintained the same during all image acquisitions, positioned at infinity of the lens. The lens diaphragm was set before the start of image acquisition, and as there was no numbering in the equipment, adjustment was made by analyzing the image formed in the computer by focusing on the target (portion) and observing the effect noise (pixel saturation) by the amount of light.
For operation of the cameras, it was required external power, therefore a battery of 12 volts was coupled to the PCMCIA card. The pattern of the lenses used was C-mount with focal length of 2.8mm. The images were saved in BMP (Bitmap) with dimensions of 480(W) x 640(H) pixels, using the software SRI 's Small Vision System (SVS) supplied by the manufacturer of the cameras. The sensor used in the cameras was CMOS MT9V022 imager in the 1/3" format.
The images depicted areas of approximately 388, 690, 1,077 and 1,551m 2 with a spatial resolution of approximately 3.3, 4.3, 5.5, 6.5cm pixel -1 for the heights of 15, 20, 25 and 30m, respectively.
It was necessary to use a data communication system to perform the image acquisition. Therefore, we used two portable microcomputers, one remained on the ground and the other was on the gondola. And through a wireless communication system and a software client/server, the computer ashore accessed the camera software on the computer of the gondola, having access to the camera image. The communication system had a radius of action of about 50m.
Image processing was performed using the software Matlab (The MathWorks, USA) and the image processing toolbox.
As each image framed more than one plot, we cut a block of 30 x 30 pixels within each plot for all heights, and from these blocks we calculated vegetation indices. In all the cuts, we respected the border of the plot.
It was considered that the lighting was constant during acquisition; ergo the pixel value was only due to the spectral properties of the object. Thus, during image processing, to make the calculations of the indices, it was considered that the canopy reflectance was equal to the average of the pixels of the block cut.
The images were transformed into vegetation indices based on the numerical values of the pixels of different bands. Thus, we obtained three indices, which are the relation between the two spectrum bands. These vegetation indices were used to enhance the image information about the nutritional status of plants and mitigate the influence of the variability of natural lighting (EPIPHANIO et al., 1996) .
The indices studied were NDVI (Normalized Difference Vegetation Index) proposed by ROUSE et al. (1974) , GNDVI (Green Normalized Difference Vegetation Index) proposed by GITELSON et al. (1996) , and SAVI (Soil Adjusted Vegetation Index) proposed by HUETE (1988) according to the Equations 1, 2 and 3, respectively.
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In which, Vm -numerical value of the pixel in the red band; IV -numerical value of the pixel in the near infrared band; Vd -numerical value of the pixel in the green band; L -adjustment Constant.
The coefficient 'L' chosen was 0.5, which is the value used for vegetation with intermediate density, and, according to HUETE (1988) , this value minimizes the influence of a background soil for a wide range of leaf area index.
Estimates of chlorophyll content were obtained using a SPAD 502 chlorophyll meter, at 32 DAF in the first phase and 53 DAF in the second phase of the experiment. This device measures SPAD values that represent an indirect measure of the content of chlorophyll and therefore can indicate the status of nitrogen, due to the proportionality that nitrogen has in relation to chlorophyll (SOLARI et al., 2008) . To perform the measurements, the leaf was positioned between the sender and the receiver of the equipment. Thirty readings were made in the SPAD in each plot, and each value was measured on different leaves along each portion, and the chosen leaves were the newest fully expanded with the device positioned in the intermediate portion of the leaf. After obtaining the 30 values, we calculated the average to represent chlorophyll content of each portion.
In each plot, the same 30 leaves that were used to estimate the chlorophyll content were harvested and placed in paper bags to determine the N content in the laboratory.
Regression analyzes were performed to check for significant functional relation between the dependent variables (indices) and the independent variable (N doses) in all two phases, using the software Matlab (The MathWorks, USA) to develop the algorithms.
Thus, to determine whether there was significant difference between treatments, we applied the F test for lack of fit and analysis of variance of regression and also tests of model coefficients by t test, all at 1% probability. First, we adopted the simple linear regression model; if the F test for lack of adjustment was significant, the model was considered inappropriate and then we tried to adjust the model of second degree.
Models higher than second degree were not tested, because they do not represent the biological phenomenon of culture, because the response with increasing doses of an element in the plant is linear or quadratic (MALAVOLTA et al., 1986; ALVIM et al., 1998; GARCEZ NETO et al., 2002) .
The relation between variables was also assessed by the correlation between indices (NDVI, GNDVI and SAVI) and SPAD values, indices and leaf N and between indices and dry matter assessed. We also performed the correlation between values of SPAD, leaf N and dry matter.
RESULTS AND DISCUSSION
Models of indices that were adjusted in the first phase of this study are presented in Table 1 . Adjusted models R 2 15 (m) NDVI = 0.2545 + 0.0012 N 0.9330 GNDVI = 0.1305 + 0.0014 N 0.9446 SAVI = 0.1574 + 0.0007 N 0.8029 20 (m) NDVI = 0.2839 + 9.1013x10 -4 N 0.8242 GNDVI = 0.1627+ 0.0011 N 0.8709 SAVI = 0.1539 + 0.0016 N -5.1200x10 -6 N 2 0.8983 25 (m) NDVI = 0.2548 + 0.0011 N 0.9017 GNDVI = 0.1365 + 0.0013 N 0.9220 SAVI = 0.1463 + 0.0016 N -4.9319x10 -6 N 2 0.9569 30 (m) NDVI = 0.2310 + 0.0022 N -6.5238x10 -6 N 2 0.9851 GNDVI = 0.1138 + 0.0025 N -6.6242x10 -6 N 2 0.9883 SAVI = 0.1555 + 0.0015 N -4.8962x10 -6 N 2 0.9695 NDVI: Normalized Difference Vegetation Index; GNDVI: Green Normalized Difference Vegetation Index; SAVI: Soil Adjusted Vegetation Index; The coefficients β 1 and β 2 of the adjusted models were significant at level of 1% probability by t "student" test.
It is observed that at 30m high all indices were adjusted to linear models of the second degree, i.e., there was a decrease in the increment of index values in relation to the increase of N doses applied. This tendency to saturation of indices in larger doses may have been for two reasons: the saturation due to high index of leaf area of the canopy in higher doses (WALTER-SHEA et al., 1997; WU et al., 2008) ; or the plant has reached the region of nutrients excess, with nutritional imbalance (MALAVOLTA et al., 1986; DOUGHERTY & RHYKERD, 1985) . However, in this study, this tendency to saturation was observed only at 30m high. At 25 and 20m only SAVI index adjusted the linear model of second degree, and at 15m all indices adjusted to linear models of first degree.
These results show that the SAVI index from the height of 20m obtained a reduction in the increase of its values with increasing doses of N, leading to saturation values . However the GNDVI and NDVI, except at 30m high, did not reach saturation at higher doses, showing greater ease in differentiating the different doses. The higher the altitude, the lower the spatial resolution of the image and, hence, the greater the effect of soil and plant mixture at the numeric value of each pixel. The highest values of leaf area index probably occurred at higher doses of N, saturating vegetation indices due to the effect of multiple reflectance that occurs inside the canopy (GITELSON, 2004) . Therefore, a lower spatial resolution in the greatest height enhanced this effect of the canopy at the numerical value of the pixel.
Failure to perform a radiometric correction, transforming the numerical values of the pixels in reflectance, may also have contributed to the different behavior of the indices for the different heights.
Observing only the indices that adjusted linear models of first degree, the GNDVI tended to higher values of coefficient of determination and to highest values of the angular coefficient. The greater the angular coefficient presented on the model of GNDVI in relation to the NDVI is seen as an advantage, because the GNDVI would present a greater variation per unit of variation of N dose, which would facilitate differentiation between doses of N. Other authors have also identified that GNDVI was more sensitive than NDVI to identify different rates of chlorophyll concentration in other plant species (GITELSON et al., 1996) . Figures 2 and 3 illustrate adjusted models to the values of the index GNDVI depending on the N doses in heights of 25 and 30m, respectively, which represented the two types of behavior of the data found in this study phase. Through the derived of the model of GNDVI index, illustrated by Figure 3 , it is possible to estimate that the values of this index tended to stabilize after the dose 188.70 kg ha -1 of N. This fact of tendency of stabilization of this index values was also observed in other studies of spectral behavior of plants (SERRANO et al., 2000; RAMBO et al., 2010; PONZONI & SHIMABUKURO, 2007) . The authors found that the increase of biomass leads to the saturation in index values, decreasing the response of the indices with the advancement of the plant development. Therefore, this explanation justifies this trend of stabilization of index values with the increase in doses of N, since this increase resulted in an increase in the number of leaves, and the height increase provided a more uniform view of portions, reducing the influence of the shadows of their own leaves and of the background soil. Table 2 shows the correlation coefficients of index values in relation to SPAD, leaf N and dry matter acquired at 32 DAF. The GNDVI index tended to have the highest correlation values at all heights. The use of the green band was more efficient to identify the variation in nutritional status with the estimation of chlorophyll and leaf N content. GITELSON et al. (1996) , when studying the use of the green band in remote sensing of vegetation, showed that GNDVI had sensitivity five times greater than the NDVI to the concentration of chlorophyll. Table 2 is the correlation values increase with the increase of height. Measurements were made from the highest to the lowest height, i.e., the highest heights tended to present less shading of the plants themselves, which may have influenced the best results at higher heights. SANDMEIER et al. (1998) report that the shadows generated by the very geometry of plants and areas of the canopy without cover influence the spectral reflectance of the canopy.
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Another trend observed in
In this first phase, the GNDVI index was the most suitable among those studied to detect different nutritional status in Brachiaria decumbens, and may also infer dry matter yield. JU et al.
(2010) also found that GNDVI was more sensitive than NDVI to identify different rates of chlorophyll concentration in two species of plants.
SAVI index tended to have lower values of correlation with all studied variables. This index has the same relation between spectral bands of NDVI, however SAVI has a constant L multiplied in its formula, which, according to HUETE (1988) , aims to reduce the influence of soil reflectance. As the soil in the plots was fully covered by the forage, its influence on the values of the indices was probably minimized. This may explain the lower correlation of SAVI index with the variables.
In the second experimental phase, i.e., at 51 days after refertilization, the data for the three indices calculated in this system adjusted to the linear model of first degree at almost all heights, except at 25 and 30m with SAVI index, which adjusted the linear model of second degree (Table 3 ). This again indicates that all indices were able to detect the different effects of doses of N applied at all heights. 15, 20, 25 and 30 (m) .
Adjusted models R 2 15 (m) NDVI = 0.0343 + 0.0012 N 0.9063 GNDVI = -0.0510 + 0.0013 N 0.9444 SAVI = -0.0120 + 0.0008 N 0.8707 20 (m) NDVI = 0.0060 + 0.0013 N 0.9125 GNDVI = -0.0773 + 0.0012 N 0.9489 SAVI = 0.0026 + 0.0009 N 0.9013 25 (m) NDVI = 0.0207 + 0.0013 N 0.8574 GNDVI = -0.0617 + 0.0012 N 0.8981 SAVI = -0.0160 + 0.0020 N -5.9162x10 -6 N 2 0.9901 30 (m) NDVI = 0.0374 + 0.0011 N 0.8681 GNDVI = -0.0441 + 0.0011 N 0.9008 SAVI = -0.0010 + 0.0018 N -5.2067x10 -6 N 2 0.9938 NDVI: Normalized Difference Vegetation Index; GNDVI: Green Normalized Difference Vegetation Index; SAVI: Soil Adjusted Vegetation Index; The coefficients β 1 and β 2 of the adjusted models were significant at the 1% probability by t "student" test.
At this phase, SAVI index was the only one which tended to stabilize its values with the increase of doses of N, making it difficult its discrimination between doses. The values of the NDVI and GNDVI indices did not tended to stabilize with the increase of doses of N in any height tested. This shows the potential of these two indices in the discrimination between all doses. Other authors also observed that the spectral response of forage may be used to discriminate different concentrations of leaf nitrogen (BEERI et al., 2007; XIE et al., 2008; NUMATA et al., 2008; FAVA et al., 2009) .
It is possible to observe that the GNDVI index showed coefficient β 0 negative at all heights tested, indicating that, in the absence of application of N, the values of this index obtained in the adjusted equations are negative. This shows that, on average, the digital values of the green band were higher than those of the infrared band in this treatment. Therefore, the reflectance of the energy in the near-infrared band was lower due to lower leaf area index (PONZONI & SHIMABUKURO, 2007) . This fact was observed in the treatment without fertilization and in the experimental phase, where climatic conditions were not favorable to the development of the plant, the day was already shorter and temperature was lower, resulting in a lower plant development, the leaf cover by plot area was low, which led to the reduction in reflectance in the infrared band causing the green band to excel.
Among the models adjusted at first degree, again GNDVI tended to higher values of coefficient of determination (R²) at all heights, while the highest value was found at the height of 20m (Figure 4 ). Regarding the angular coefficient of this index, it obtained the highest value only at 15m high. As for 20 and 25m, NDVI obtained the highest values, indicating that at that heights the variation of doses influenced more their values than GNDVI, despite having lower R². Table 4 shows the correlation coefficients of index values in relation to SPAD, leaf N and dry matter acquired at 53 DAF.
As for the indices in relation to SPAD, the highest values were obtained at 20m high; between the leaf N, the highest values were detected at 15m; and between the dry matter, the highest values were at 30m high. This shows the absence of the trend of correlation values of the indices with the variables in relation to height. By analyzing each height separately, we observe that the GNDVI was the index with trend to higher correlation coefficients with SPAD, leaf N and dry matter variables, despite the proximity of its values with those obtained by NDVI and SAVI indices.
This again demonstrates greater potential of the use of green band, when compared to the red band, to relate to the nutritional values obtained exactly in the leaves and detection of different
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-1 ) GNDVI = -0.0773 + 0.0012 N R 2 = 0.9489 nutritional levels. SILVA JUNIO et al. (2008) also observed that the GNDVI was one of the indices that most correlated with biomass and nitrogen doses in Brachiaria and may be considered a predictor of biomass.
SAVI index again obtained overall lower values of correlation with all the variables studied. This reinforces the fact of the low influence of the soil, because it is covered by forage.
When comparing the correlations between indices and SPAD, leaf N and dry matter from the first to the second phase, it was possible to verify that; overall, there was a decrease in the values of these coefficients. This fact was verified even with less time between image acquisition and collection of SPAD, leaf N and dry matter, and therefore less possibility in changing the number of leaves and leaf N content. This lower correlation probably resulted from the time change observed in this phase, which altered the effects of N on forage due to the decrease in temperature and lightness, making it difficult to discern between treatments.
It was also observed a decrease in index values from the first to the second phase. The same was observed by CUNHA (2004), who, when studying the spectral behavior in Tanzania grass, found a decrease in NDVI index values between periods. The author argued that this fact could be related to different environmental conditions present, such as minor incident solar radiation and lower temperatures, resulting in lower phytomass production and, consequently, low values of reflectance in the near infrared.
All values of vegetation indices adjusted to models of the first and/or second degree, at all phases and heights tested. This indicates that the canopy of the plants were influenced by N application, providing variations in the digital values for each treatment and that the height factor of the balloon was not limiting in the detection of different nutritional status in this forage.
In an experiment with Tanzania grass subjected to different levels of irrigation and nitrogen doses, CUNHA (2004) found that the spectral response of this type of forage altered according to variations in biomass quantity of canopy, caused by the influence of nitrogen doses. Furthermore, the author mentions that, in the canopy of this grass, it was possible to establish significant relations between spectral variables, obtained by remote sensing and agronomic variables. Thus, spectral parameters may serve as descriptors of vigor conditions and development of forage.
CONCLUSIONS
The remote sensing system with helium gas balloon at different heights generated vegetation indices capable of detecting variation in nutritional status in Brachiaria decumbent.
The use of the green band in the normalized difference vegetation index was more efficient in relation to the leaf nutritional estimate, with leaf N content and dry matter yield than the use of the red band.
In the first and second phase of the experiment, GNDVI was the index that best correlated with SPAD, leaf N and dry matter in the four heights tested.
The height of 30 m stood out with the highest correlations between the indices and SPAD, leaf N and dry matter in the first experimental phase.
